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Abstract--The primary aim of this paper is to describe the main principles of crystallographic patterns 
(CPs) and their distribution and connection with natural phenomena and subjects of applied art. It is 
shown that these principles are in many respects similar to th se governing the behavior of two-dimen- 
sional crystals. 
One may already find in ancient CPs the elements of colored symmetry and examples of pattern 
elements which have been discovered in our own times. Such CPs are very characteristic of ancient and 
medieval decorations f Siberia, Kazakhstan, Central Asia, Azerbaijan, and Asia Minor. 
In modern times CPs are closely connected with the name of M. Escher. The growing interest in 
his drawings hows that CPs have considerable potential as a tool fl~r applied art even now. It is shown 
that the systematic study of CPs is very useful for the understanding and description of ancient and 
medieval art decoration fr m the aforementioned countries. 
In preparing this article for this special issue I have reduced and redone a larger body of material. 
First of all, I had to define my subject concretely, considering possible material of the same 
type that might appear in other articles, and excluding possible repetition. I tried to touch the 
common things directly related to the theme and composition of my story only in those cases 
when I was not sure that my own understanding is really generally accepted and that 1 may 
hold the free narrative tone to the very end without trivial considerations. 
I wished to call the attention of the specialists to systematic rather than occasional review 
of symmetry by means of the facts given below, as well as by my own attitude and aspiration 
to shed light on those facts with modern scientific ideas on the laws of nature and especially 
on the resulting material. 
Having used the carte blare'he kindly given me by the editor (as you know, a free rein to 
do things is always inspirational). I have made no effort to restrict he style of my meditations. 
1 have presented a flow of free and sincere statements, andhave not attempted to impose on 
them a style which might conceal their individuality. A great advantage of such statements i  
that one's "'falsehoods" are merely considered to be delusions, thus somehow mollifying the 
anger of those strict critics who feel obliged to adhere to absolute truths. 
The patterns I am going to talk about are usually described in the literature as geometric 
patterns. It is quite enough for the pattern to be constructed from geometric elements, though 
it is not significant for them to be related in a geometric manner. 
However, there exist patterns that may not be easily related to geometric patterns. The 
elements of such patterns are the images of living matter, and the characteristic of such patterns 
is that by their inner organization they recall double-dimensional crystals or their projections. 
For this reason they are called cr),stallographic patterns (CPs). The elements of such CPs may 
also be geometric figures. 
The term "crystallographic" in this case calls attention to the mode of pattern organization. 
The pattern given in Fig. 1 is geometric, while the one given in Fig. 2 is crystallographic, 
though in both cases the elements are geometric. No matter what the character of the constructing 
element is, the CPs are constructed according to the same principle, i.e. the principle of tight 
packing, which results in the equivalence ofdesign elements and the activity of the background. 
Thus the "crystallographicity" is the determining attribute, and it is a sufficient basis for 
the collective term "crystallographic patterns" to apply. 
Manuscript editor's note: Considerable effort hasbeen made to preserve the author's original intention, while 
making sometimes drastic changes in his choice of English words. In some places where the original intention was 
particularly unclear, the author's original words remain. The reader should not be deterred by a few such passages. 
Apologies for any serious misinterpretations arc extended to the author, who did not have an opportunity to revise the 
edited version. D. W CROwE 
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Fig. 1. Geometrical ornaments from ancient Egypt. 
My acquaintance with CPs has a very curious story. My parents and countrymen before 
the Revolution, and up to the Second World War, had been nomads. Until my graduation from 
secondary school this way of life was customary for me, and many insoluble questions arose 
when this type of life touched on what was discussed at school about life in general. At that 
time among the most agonizing and recurring questions for me were such insistent ones as 
these: 
• Why are the homemade things that surround us in our nomadic life literally stuffed with 
strange geometric signs? (See Fig. 2.) 
Fig. 2. The carpet "kilim." Shirwan, 19th century. 
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• Outside our nomad tents we were living in a wonderful kingdom of various curved lines 
and forms. So why were the aesthetic signs not formed from them, having instead preserved 
these geometric patterns like some mysterious rite, transferring them to new wares? 
The same questions arose in connection with folk music and poetry. Nevertheless all those 
signs warmed us. They could deeply move us so that we could pronounce such words as '~it 
is fine," " it 's beautiful," when we were glancing at those patterns. 
In those days we could guess, alter having learned from books, reproductions of artists' 
paintings, and the movies which were so rare and exotic for the nomads, that life in cities was 
somehow different. Here the aesthetic signs had been formed from the surrounding elements. 
We were amused by their close connection to reality. They were distinguished from reality by 
means of the gorgeousness of the human and nature wearings, as well as by the fact that hey 
were motionless. 
For the nomads the subjects of daily life always served as the symbol of the aesthetic sign, 
while in towns and cities there existed things which were specially intended to be considered 
as such symbols. Here also the subjects of daily life were sometimes used as the aesthetic sign 
symbols, but, unlike the nomads, in this case the beauty was tuck on those subjects. You 
couldn't conceal the patterns unless you destroyed the carpet, although you could change the 
painting as much as you wished without destroying the brickwork of the wall on which it was 
painted. Thus, one might conclude that in the cities where the straight-line geometry was 
predominant the aesthetic signs were formed from the elements of reality itself, with nature 
playing the dominating role. This reverse symmetry between the aesthetic-sign attitude of the 
townfold and the nomads can be clarified in the following schematic manner: 
Who The surroundings The art objects 
townfolk geometry nature 
nomads nature geometry 
I would call this kind of symmetry ~'inversy." It turns out that the view of the surroundings 
and the view of the aesthetic sign supplement or complement each other, i.e. what is absent in 
the surroundings exists in the aesthetic sign. Perhaps the famous architect and thinker Le 
Corbusier had this phenomenon i mind when he raised human inclination to pure geometry 
up to the sign of the human spareness with free will[ 1 ]. It may also be that the nomad did not 
need the "portrait" of an oak to be carried with him elsewhere because he could view all sorts 
of oaks every day and every hour, finding them surrounded with different moods at different 
times, while for the townfolk their inclination to nature was more a result of nostalgia. Whether 
it was so or not is difficult to state nowadays. 
Similar questions literally pursued me till I entered lhe university. There they became 
overgrown with some other accessory questions, but worst of all was the fact that such questions 
were never put forward there. It was as if they did not exist at all. 
In my understanding at that time, realistic art was the art that had to describe the world 
and the vents that took place in it, and this art amazed me tremendously. It was the wonderful 
source of information about he world in some other connection and it concealed the "constraint" 
created by the carpet's "geometry." This art could be read without any difficulty and was 
available to everybody without any dependence on language or traditions. It was clear, and it 
was widely written in those days, that this trend in art was an imported trend. It was new for 
us, though its rudiments had been with us already. Representatives of our folk could succeed 
in this new trend of art, which obviously proved that we could profit from it too. But then it 
became incomprehensible--how could one explain the long disregard for such a necessary trend 
in art'? It is reminiscent of the question, Why have the Chinese, the Japanese, and their cultural 
neighbors still not abandoned their hieroglyphs, which are extremely ~'noncomfortable for 
usage"? Surely, to answer these questions it is sufficient to grasp the concept of tradition. 
Tradition becomes firmer with centuries. It might be broken with great difficulty, but it is 
physically impossible to throw away its wreckage which prevents the construction of a new 
tradition, but finally is used in the construction of the new trend, etc. 
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But did we really have an artistic point of view as part of our own tradition? The answer 
is yes, we really had it. Tradition is a very important feature and a preserved characteristic of
ethnos. 
I have already mentioned what this tradition looked like for the nomads. What about the 
attitude of the more cultural folk layers, I mean those who became accustomed to the culture 
of the townfolk? It can be judged according to the patterns and drawings on subjects of their 
daily life, as well as the illustrated books of those days. It turns out that the inclination to 
geometry can be discovered here, too. 
Especially interesting were the miniatures. In recent years they have become the subject 
of concentrated attentions by some of our art critics. For example, in one such work[2] it is 
said that the miniature artists of those times had generalized and emphasized the artistic fact of 
reality by means of the traditions of the fine arts. 
From the point of view of the Renaissance the miniatures looked too primitive. They were 
without perspective, i.e. the paintings were flat; there was no light gradation with smooth 
transition from one color to another; all living beings were deformed; events which were 
incompatible in time and space were neighboring. 
Furthermore, the intervals between the subjects were usually filled with different geometric 
patterns (Fig. 3). 
While these works of art were being created, the scientists of the Islamic East remained 
the main successors of the Hellenic ideas. Why then was it necessary to deform the pictured 
world and to avoid the portrait likeness with nature, as was typical for the Ancient Greeks? It 
turns out that people long before me fell to thinking about the same problem and they came to 
the following conclusion. The Islamic religion forbade the portrayal of living matter. It might 
be even considered as a truth--why is it necessary to compete with God? I am not sure who 
the author of this theory was, but it is one which has had great vitality. 
Thus the problem was "explained with God's help." It is evident hat in such cases it is 
much easier for the representatives of some other tradition to invent a new explaining theory 
than to examine the artwork using the language of its own traditions. It is necessary to remember 
this fact when an outside interpretation of the classics of folklore has results which border on 
parody. 
Besides these rather curious questions, like every other student I was busy with more direct 
duties such as mastering eology and adjacent sciences which were necessary for the practice 
of geology. Among these latter there happened to be crystallography, whose basic task was the 
"symmetry determination for the wooden polyhedra." It was such a boring task that the number 
of those wooden pieces became noticeably less by the end of our course than at the beginning. 
No matter how tremendous was our geological imagination we could not understand where this 
symmetry with its nonreal elements came from. When we had finally overcome those difficulties 
we found ourselves noticing them everywhere. Indeed, it was quite enough to consider the 
carpet patterns in order to demonstrate all necessary symmetry elements and all their functions. 
We found them in mathematical functions, in biological objects, in technical subjects, in music, 
in poetry, etc. In one word, we could find those symmetry elements in all visible things that 
may gladden one's eye and ear. Symmetry is explicitly or implicitly contained in the whole, 
which could be divided in equal or approximately equal parts; one could also find it in the 
result of fruitless attempts to create the whole from its parts. 
We also marvelled that there existed nonsymmetrical things, possibly with a deeply hidden 
symmetry. Why was it so? Intuitively one could conclude that symmetrical things are more 
stable, but experience shows that they are much more asily noticed and with much more 
difficulty forgotten. Thus it is profitable for things to be symmetrical nd time itself sooner or 
later makes them symmetrical. 
In one word, the most accessible regularity in things and phenomena is their symmetry. 
And it is not a matter of accident that the ancient Greeks had noticed it in that faraway morning 
with their fresh gazes and raised it up to be the rationale of beauty, the basis of harmony. It 
is quite amusing that the citizens of the colonics of ancient Greece could comc up with the idea 
of symmetry between the structure of language and things in nature. How did they learn to 
recognize that things and phenomena can not only be symmetrical in themselves, but also in 
relation to each other'? 
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Fig. 3. From a 16th century manuscript (Archives of the Azerbaijan Academy of Sciences). 
It is known that the Greeks had a very particular attitude toward their Gods; they loved 
and laughed atthem, they abused them, and at the same time considered them to have all human 
virtues and shortcomings. The Gods were idle and had many problems of their own. Perhaps 
that is the reason the Greeks were determined to understand the laws of world creation without 
the help and collaboration of the Gods. To understand things through their elements, to measure 
them with their inner units, based on the belief that the world is atomistic, that there exists an 
overall harmony; that there exists symmetry between phenomena nd numbers, the relation 
between numbers and phenomena being the most suitable language for the description of 
phenomena. This language was the basis for science. Every deviation from these lines always 
led to metaphysics. 
Thus symmetry deserves to be the subject of periodic festivals[3], so that in their lofty 
atmosphere one can search for the relation between different manifestations of the human spirit 
based on symmetry. If 1 am not mistaken the present collection is the first correspondence 
festival on a truly international scale. 
Symmetry has certainly not gained its present position as the basic concept of crystallog- 
raphy without the help of mathematics, Meanwhile, mathematics has significantly enriched 
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itself and become more flexible and acute as the profound language for the description of natural 
phenomena. 
Several times I have presented popular lectures before students and other audiences about 
the things we are trying to do in our labs during the pauses between the administrative tasks. 
And each time I was assured that such lectures must start with the general problems of science 
and its basic concepts. It is not too hard to see that in doing so we ourselves are climbing up 
the evolutionary stairs of knowledge. In the case being considered it is approximately asfollows. 
Everybody knows that there exist organizations. They are good enough when they possess 
the qualitatively new properties which are absent in the separate constructive elements; in that 
case they work steadily. Thus the organization as a whole is qualitatively more than the sum 
of its elements. The elements in this case must be compatible, they ought o possess the necessary 
qualities, which are clarified by the organization. It is also necessary to locate them in space 
(the spaces may even be abstract) in a certain mode, to tie them with the unique scheme and 
to establish the bond character in certain fragments. 
One might also supplement this scheme with some new details, but it is better to say that 
the organization as a unified performing system is characterized by its structure. If we know 
the elements constructing the system and the way to construct it this means that we know its 
structure. The structure is the grammar of the system. The structure is the peculiarity of the 
system that distinguishes it as a whole on the background of a greater system; it is a property 
of the system. The structure is the peculiarity of the system which makes it possible to compare 
it with other systems no matter what the nature of their elements, etc. 
How can we define symmetry itself so that one would not be obliged to describe it each 
time or to indicate that "that is a certain type of symmetry"? Symmetry is a property of the 
system, and as with every other property it is estimated as the reciprocal behaviour of the 
elements of the system at certain interrelations. These interrelations may be all possible rear- 
rangements or reconstructions which leave the structures identically equal to themselves. 
It is possible to measure the symmetry properties of the system. It is necessary to determine 
all rearrangement operations which return the structure to the initial state or, according to 
Shubnikov[4], who was the founder of modern crystallography in the U. S.S.R., just to determine 
the number of the equal parts which are formed when the structure is divided. It is obvious that 
the symmetry measure will depend on the meaning of "equality" and on the type of interaction 
which results experimentally to equality. For example, for the colorblind the patterns on carpets 
will have a higher symmetry. Likewise, X-rays are not sensible to isotopes and nuclear spins; 
for example, they will not distinguish the different hydrogen isotopes at low temperatures. 
In the scientific literature symmetry is sometimes used as a synonym of invariability. 
Invariability and invariants are more suitable concepts when discussing the conservation laws[5]. 
For example, it is better to say that in translation or coding the invariant is the semantic meaning 
of the text. 
Of great importance is the relation of symmetry to such concepts as order, entropy, 
microhomogeneity, complexity, and stability. It is clear why many investigators identify sym- 
metry with order, while indeed the increase of symmetry makes the structure less regular. It is 
obvious from elementary considerations that for a constant total number of elementary structures 
the more symmetrical state requires equality, the nondistinguishable condition, of the greatest 
number of elements. As a result of the increase of symmetry the number of varieties of elements, 
as well as the complexity and stability, decrease and the (configurational) entropy correspond- 
ingly increases. All this is the consequence of determination of system information content[6]. 
A decrease in the number of varieties of symbols leads to a decrease of the negentropy 
information quantity, i.e. to the increase of entropy. As is known, the Shannon equation for 
information quantity determination and the Boltzmann equation for energetic-structure entropy 
determination are antisymmetric to each other. Symmetry also increases entropy in the latter 
case. Of course, the similarity between these entropies is not complete. In systems where the 
temperature asa concept has meaning the configuration entropy is constant, i.e. does not depend 
on temperature. It changes discretely only when the tcmpcraturc is not furthermore utilized by 
the structure and the latter has to rearrange and to become able to use the energy rationally. 
In such a way symmetry is, as a rule, connected with stability and steadiness. The facts 
which indicate the stability of the higher symmetry phases at higher temperatures, i.e. the 
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stability of high temperature modifications, prove not the trend but the rule, which is based on 
the connection of symmetry with entropies. It should be remembered that in all this discussion 
we have silently assumed constant values of other parameters such as the character and strength 
of interaction, which is the main regulatory mechanism. 
Complexity is the other concept which is needed in order to compare and codiscuss the 
problems of science and art. It is directly proportional to the information content[7], 
Everybody intuitively knows that there exists a limit of complexity after which the system 
collapses. How shall we determine that limit? The temperature as a stimulus for the symmetry 
and microhomogeneity (the ratio of volume to the number of indistinguishable elements) growth 
is incompatible with the formation of complex chemical compounds. 
Consequently the stability decreases, which is the result of the structure's complexity, must 
be compensated for by the simplicity of the medium structure, by introduction of the utilized 
energy into the structure of the elements or by giving it the machine-like dynamic structure. 
Such a structure is necessary for the consecutive appearances of the structure in determined 
states. 
Thus the complexity of biologically important molecules is justified by dynamics of con- 
sequent formations and conversions and it is finally compensated with excess. Such consider- 
ations underlie an understanding of intuitive or conscious scientific and artistic constructs and 
the clarification of their general peculiarities. 
Of significant importance is the problem of the structure and symmetry of our knowledge 
of reality. This is a special question. I shall only mention that we approach the whole structure 
of reality in two antisymmetric ways: analysis and synthesis. In the first case we start from the 
totality of the facts of reality and as a result the symmetry of our picture of reality is gradually 
increased. Meanwhile, we are sincerely happy watching the clarification which untolds. 
In the second case we start from the single fact with the most clear fragment structure and 
complicate it by decreasing its symmetry according to some other facts. And while doing this 
we are again happy about the clarification because such concepts as chaos and nothingness are 
equally nonavailable for our understanding. In both cases the number of facts necessary for the 
construction of the structure of reality is decreased. 
Such an optimal structure in its possibilities for prediction contains the facts in their potential 
form, their number being incomparably greater than before the construction. This is obviously 
the reason why simplicity and symmetry are sometimes perceived as criteria for truth. 
For the aesthetic action of the results of science as well as of artistic searches it is important 
to know from which complexity this simplicity has resulted and how complex it was. That is 
why for correct evaluation e needs the prehistory of the achievements. In our days the CPs 
are very impressive for mathematicians and crystallographers because they know pretty well 
what stands behind this simplicity. Surely simplicity and symmetry should be considered an 
advantage of the structure, all other merits remaining the same. Before the application of direct 
methods and computers in structural analysis it was necessary to construct he structures. And 
almost always the beautiful, symmetrical, simple versions appeared to be true, all other char- 
acteristics remaining the same. 
In art only one method of artistic construction is recognized. Thus artists in a wide meaning 
of this word possess ynthetic minds, and if they are lucky they manage to create a new world. 
a new structure, a new unity, whose elements by their nature may be abstract figures as well 
as fragments of observed reality. 
Every time we come into contact with a new artwork we have to become analysts for a 
short time. What we first see are the elements the artwork is constructed from, then the symmetry, 
then the structure, the logic and the character of the connections between the elements, and 
finally the action of the artwork and the way it interacts with our concrete condition. This 
reminds us of the steps in decoding a text which is written in an unknown language, in a system 
of unknown signs and with (to us) an unknown grammar. A person may stand directly before 
a strange culture, or before an artwork of an abstractionist (or one who imitates him), and still 
remain unable to understand it. If this is so common, why are there not geniuses who code 
their "artworks" in such a way that after some time even they are unable to decode their work'? 
In reality this is not the normal situation. If it were a general rule that artworks not be decodable, 
then they would not have social value. 
518 KH. S. MAMEDOV 
Your attention is not attracted to those things which are pretty well familiar to you, about 
which you already have a comprehensive knowledge, the understanding of which does not 
require any mental efforts; nor is it attracted to those things which are absolutely unknown, 
which remain lost in the noise of the surroundings. Information ought to be of a certain value 
for you, you should be conducted to it by the form being perceived by you, and at last you 
must expend a certain mental effort in the process. But, of course, your admiration for an 
artwork and the generosity of your compliments are not sufficient. If the psychological structures 
and the vocabularies of the people belonging to the same culture were equal, the artist would 
be capable of evaluating his work himself and then the content of the information, the symmetry, 
would be the determining criterion of the beauty of the stereotype-minded p ople. But beauty 
and every other emotional response are born as a result of the contact of the aesthetic sign with 
the concrete individual. 
Therefore information, as well as its structure and symmetry, gains new colors. The 
information content is perceived along with the corresponding associations as the content. In 
the same way, structure with its symmetry and corresponding associations i converted into 
form. Briefly speaking, content is the information that might be xpressed, coded, or transported 
by the given form. Approximately by the same reason we relate in different ways to artworks 
even if they are created inside our culture within the limits of its traditions. 
But why do we repeatedly return to certain aesthetic signs throughout our lives? 
First of all, they have several evels, their structures being inexhaustible and organized 
according to the hierarchy principle like objects in nature. 
Grouping the elements in a different way, or according to foreknown plans, you may see 
the change of the hierarchy structure, the regular transfers, their interesting interactions. The 
mind supplements thestructure with e connections which are missed by conscious perception. 
So you gradually discover how the deeply realised context continually modifies the meaning 
of the elements and discovers their new potential possibilities. With each new level you enrich 
your own vocabulary and understanding with new analogs, new isomorphisms. All this can be 
enriched with e asymmetry of the vision. And what is very important you may always watch 
the increase of the whole compared with the sum of its parts. Of course, you yourself also 
improve with time, becoming enriched with experience and knowledge. But this can in no way 
add anything to the artwork that is not actually already in it. 
Thus, because of the economy in the variety of elements, the resulting ambiguity of the 
individual effects of these elements was always one of the unwritten rules of creative art. 
Thus it seems to me that with my semiphysical nd semilyrical digressions I have been 
trying to give the key for an understanding of my personal interest in CPs and of the reasons 
why they were and still are perceived as aesthetic signs. 
As I have mentioned above, before the direct methods in structural analysis, before the 
use of modem computers, the decoding of crystal structure required all the phantasy, experience 
and intuition of the scientist. The volume of the elementary cell, the symmetry elements, the 
number of molecules and atoms in the cell had all been estimated experimentally. But non- 
standard methods were always used in order to identify how the atoms and molecules tightly 
filled the volume of the elementary cell. 
Thus the people working with organic and complex compounds of known discrete structures 
were dealing with the search for packings which would fit the minimal one considering the 
known limitations. In the case of inorganic compounds Pauling's rules did help signifi- 
cantly. It was necessary tofill space with polyhedra corresponding to the composition considering 
the Pauling's rules,which forbade certain modes.The results of these searches were versions 
and altematives. Experiment could reject one of them, confirming the other. 
Sometimes the real structure had a quite different character and was bothering and terrifying 
you, because you had missed such a simple structure. The question arose: Why was the structure 
not realised in the way you had proposed? Nowadays the analysis of the structure by automatic 
diffractometers, powerful computers, and well-done direct methods is carried out much faster 
and more easily. But such problems as why the hypothetical structures are not realised, how it 
is possible to evaluate the probability of their realisation, and how to choose the conditions for 
their realisation are not solved even now. 
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Briefly speaking, in those days we were dealing with the creation of crystallographic three- 
dimensional patterns. Such an opportunity is of interest from the point of view of the mentioned 
problem. Considering what was mentioned above it must be clear how great was my surprise 
and admiration when I discovered for the first ime the CPs on the Barda mausoleum (Fig. 4) 
which was built in 1322. The cylindrical surface of the mausoleum is covered with a pattern 
whose repeating element is "Al lah" written in the Arabic alphabet. Its plane group P4, which 
was not formally known to the artist as it was known to us in our work, came about as the 
result of tight packing of the word Allah. But it cannot be that the Barda mausoleum was the 
only one of its kind. Such a mode of creating patterns could not exist without its past, as well 
as without its successors. 
It turns out that another good example is in Nahichevan, in the Karabaglar mausoleum 
(Fig. 5), which belongs to the school of the well-known architect Adjami[8]. In the Shirvanshahs 
Palace in Baku (15th century)J8] there is an architectural medallion with six "A l l , "  three of 
which are written in the shape of hollows in the stone, and the other three on the juts between 
the hollows (Fig. 6). The old masters knew well enough that it was possible to achieve equality 
between the background and the foreground; having done so they came up with antisymmetry, 
the black and white version of colored symmetry. As is known nowadays this achievement is
related to that of Escher[3], who is world renowned for his CPs. 
So it happened that all my "discoveries" had been long ago described by historians of 
our architecture, but naturally they did not pay attention to their crystallographic peculiarities. 
In 1969 Dr Alan Mackay of London University kindly helped me get acquainted with 
illustrations of patterns from all over the world in the University library. 
To my surprise, the CPs in the Middle Ages were widespread in Central Asia and Asia 
Minor[9,10], in Southern Azerbaijan, and in Afghanistan (Figs. 7-16). In all these countries 
words were used as design elements for the creation of CPs, and along with words geometric 
figures (polygons) were used (Figs. 8-10, 12, 15). As is seen from the figures these patterns 
may be considered as different examples of periodic tiling of the plane with polygons. And it 
is not surprising that they happened to be isomorphic with the inorganic crystals which have 
Fig. 4. "Allah" in a kufic script as an element of CPs Fig. 5. Example of kufic script used for decorative pur- 
in the Tomb in Barda, Azerbaijan (1322). poses. Karabaglar, Azerbaijan, 18th century. 
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Fig. 6. Six "All" in kufic script. The Palace of Shirwanshahs, Baku, 14th-15th centuries. 
been decoded in our own time. It should be noted that the area of distribution of patterns of 
this type is wider than that of the first ones. 
From the fact that words and phrases were widely used as pattern elements one might 
conclude that indeed the inclination toward geometric patterns is connected with the Islamic 
religion. Here arises a natural question: If this is really so, then such a trend should not be 
observed before Islam. Is that so'? 
A review of pre-lslamic traditional fine art has shown that in Arabia, lran, India, and 
partially in Afghanistan and southern parts of Central Asia, it was mainly anthropomorphic, 
while for the Hun and Scythian area more characteristic is the so-called scythian beast style[21], 
Fig. 7. Crystallographic patterns on ceramics. South 
Turkmenistan (Koksur, Karatepe), 3rd millennium B.c. Fig. 8. A wall decoration. Egypt (1094). 
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Fig. 9. A wall decoration from Jami Mosque. lsfahan, 16th Fig. 10. The widespread ornament ofarchitectural llqonl.i- 
century, ments of Azerbaijan and Turkey (I 8th centuryJ. 
which has features of CPs[11] (Fig. 17). The sign in Fig. 19 was discovered in the Kazakh 
region of Azerbaijan[12]. Specialists believe that its age is about 4000 years. Its semantics is 
unknown. The same sign has also been discovered on the scythian axes in the Central Cau- 
casus[13]. Along with this sign on the same axes some patterns were also discovered which 
were similar to the infinite number of patterns on the Kufic signs (Fig. 20). 
But how had the masters of the Middle Ages in Azerbaijan inherited these modes of creating 
patterns? Please fix your attention to Fig. 21, where the "A l l "  pattern is represented. You may 
notice that in its symmetry group and method of organization it repeats the Kazakh sign 
(Fig. 19). 
i k'P.,AL ,,41 i   4L"J 
Fig. 11. Fragment ofwall decoration. Sirajli madrasah. Konya, Turkey (12431. 
CAMWAI2 : 3/4B-B 
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Fig. 12. Fragment from wall decoration of Sahib Ata Mosque, Turkey (1279). 
While observing the exhibits of the Novosibirsk ethnography museum 1was greatly sur- 
prised to find that sign on one of the embroideries made by the Siberian people. This summer, 
Dr A. Mackay informed me about his discovery of a pattern in England which was constructed 
of the same sign. He believes that it is of Mediterranean origin. It is still incomprehensible why 
it has such wide dissemination. 
Thus the CP had existed some thousand years before Islam. It might have been that Islam 
was tolerant enough about the revival of this sign in the Middle Ages. The fact that this tyle 
in the dissemination region was not imported is confirmed by numerous facts. But always keep 
Fig. 13. "Muhamed" and "Al i" in a kufic script as the element of CPs. Sultaniye, Tabriz (1307-1313). 
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Fig. 14. Fragment from wall decoration of Bibi Hanum Fig. 15. Medieval CP similar to the structure of numeral 
Mosque. Samarkand ( 1399-1404). biotite. 
Fig. 16. The motif of the crystal structure of 1,3,5- 
tryphenylbenzene and the widespread ornament in the Fig. 17. Examples of decoration from an ancient Altay 
medieval Islamic East. work [middle of the 1st millennium B.c.). 
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Fig. 18. An ornament onceramics. Tomsk, West Siberia Fig. 19. Seals from Kazakh, Azerbaijan (end of the 2nd 
(end of the 4th-beginning of the 1st millennia 8.c.). and 1st millennia B.c.). 
in mind the predominant character of dissemination. Zoomorphic pictures may be found even 
in these regions. Such examples of crystallographic patterns can be also discovered in those 
world regions which are not typical for them[ 14]. The closest analogy exists between the patterns 
of the Siberian regions and the patterns of American Indians. A more careful comparison should 
be made of them. 
I was greatly surprised also when looking through the UNESCO Courier, where 1 found 
the article by Larichev[15]. There I discovered that the sculptures hown in the article were 
u 
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Fig. 20. Bronze axes from Tily, South Osetia (12th- Fig. 21. Four "Alis" in kufic script. Isfahan, 14th-15th 
10th centuries B.c.). centuries. 
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compiled from complementary forms of tortoise and mammoth, mammoth and bison. According 
to the author these things are about 35,000 years old. It is quite amusing. It is evidence (and 
the author also thinks so) that the culture is not an imported one-- it  is of local origin. The 
same opinion exists about the Scythian-Siberian-type culture[21], which is in fair agreement 
with the character of patterns of this culture. 
A systematic review of the world CPs in general and of the aforementioned regions in 
particular probably would be very useful for archeology. It would be interesting to observe the 
evolution of development of this trend and find out its psychological preconditions: Was there 
any concrete knowledge as a foundation for this trend? It is unbelievable that there was not. 
Now fix your attention on Fig. 22 with the picture of four horses by Rza Abbasi (1587-1628). 
Having used the symmetry (the twofold axes) the artist has achieved his final goal by picturing 
only two horses--you only need to turn the picture by 90 ° to see the other pair of horses. And 
you might not suppose that this result was just a matter of accident. It is interesting that using 
symmetry for the organization of the picture seems to result in a saving in the details which 
are necessary for it. It is just unbelievable that nature had not used this peculiarity of symmetry. 
As already mentioned, the scientists of the Islamic East were successors of the knowledge 
of the Greeks. It is interesting to ask whether they could have fixed attention  such a concept 
as symmetry. I feel that they did not. It turns out that the Greeks who were satisfied with the 
latent symmetry in their artworks were the inventors of the concept of symmetry, while the 
peoples who had been preserving their traditions via CPs for thousands of years had not come 
to the symmetry concept. This means that the imitation of nature on the level of principle was 
not sufficient for the discovery of this principle. 
Probably everything isconnected with the question that the Greeks were putting themselves: 
"Why do things happen to be so beautiful, and how can they be constructed?" Such a question 
may result in such concepts as symmetry, harmony, etc. 
In the poetry of the Islamic Middle Ages it was a popular opinion that God, having created 
the world, had then hidden the very method of its creation from the people so that they would 
not become the creators of new worlds. But the Greeks had decided to find out this secret 
against he will of the Gods and started competing with them. 
In our days the restoration of CPs is connected with the name of the famous artist Escher[ 17]. 
The crystallographers consider him to be the inventor of colored symmetry. His basic contribution 
is considered to be the discovery of the equivalency of the background with the foreground. In 
Ref. [31 it is literally said that before Escher nobody could even comprehend this idea, but we 
can convince ourselves by numerous examples that this is not really so. The only thing to realize 
is that the ancient people had not known that they had really discovered something new, nor 
had Escher himself. He was only familiar with the Spanish versions of CPs and he did them 
qualitatively anew and gave us the idea of existence of an almost forgotten interesting trend. 
Escher is famous not only for his CPs; he made many other works which have attracted the 
attention of outstanding representatives of modern science. The influence of Escher's ideas is 
gradually spreading. CP fans have appeared in Canada[18]. We in our laboratory have also 
taken some interest in these ideas (Figs. 23-28). 
The dissemination of CPs is favored by science. The reason is that their ideas are close 
to each other by their nature and the problems. The CPs are also very promising as architectural 
and textile patterns. 
The other interesting direction of research is the combination of patterns with nonevident 
symmetry, i.e. nonlinear modulation of common patterns. One may find many such examples 
in Esther's works. If I am not mistaken such variations have also been experienced even before 
him. 
It should be noted that in the process of constructing CPs the symmetry appears as a result 
of combination but not as a means of its formation, as is characteristic for other patterns. It is 
also interesting that the creators of CPs seem to avoid the combination with a mirror-symmetry 
plane. Also widely used was the antisymmetry plane. As is currently known, a mirror-symmetry 
plane gives a pattern a static appearance. 
Of course, people with a skeptical attitude to the CPs refer to the fact that they have too 
severe limitations for the modern artist. In a sense this is really so. There is no prototype, and 
the packing of the elements i not always easily done, even being impossible for most elements. 
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Fig. 23. "Vatan" in a kufic script as an element of CPs 
Fig. 22. Four horses, by Rza Abbasi (1587-1628). by Kh. S. Mamedov. 
CPs are constructed almost by the principles of rhythmic musical patterns. But here the 
redundancy is much higher than that in music. Remember that the pattern is always viewed in 
context with greater systems uch as large constructions, the surroundings, etc., and that we 
observe it from a certain angle of sight. It becomes clear that this is a sophisticated simplicity 
and that eventually almost everyone might understand that it is not so easy to achieve such 
simplicity. The structurally modular CPs in classical constructions also provide an inner scale 
for the whole complex. The importance of the modular agreement of the pattern and of the 
complex including it is quite obvious. 
The CP, like music, put in order the way of thinking and direct it along a certain course. 
By their aesthetic action a d by the construction principle they are close to the aesthetic objects 
Fig. 24. "Nizami" in a kufic script as an element of CPs by H. N. Nadjafov. 
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Fig. 25. Unity. by Kh. S. Mamedov. 
of natural origin and to the best creations of such artists as Mondrian, Klee, Vasarely, and other 
constructivists[19]. 
As is known at present all basic natural aws are of a prohibiting character. Everything 
that is not prohibited by them is possible. Thus there exist tabus and rules of the game forbidding 
certain actions. But actually one can find here large possibilities. As a matter of fact, as in 
modern science, the whole specificity of traditional arts is connected with the character of those 
tabus and game rules. Nevertheless, in order to raise the CP up to the level of aesthetic sign it 
is still necessary to be an artist. Le Corbusier, with his words that order is the quality of geometry 
and a man is characterized by his attention to order, seemed to refer to the importance of the 
human attitude to symmetry in order to understand the archeological nd architectural monu- 
ments. Indeed, besides the fact that symmetry is a significant new parameter like chemical 
composition and other specific features for describing and characterizing memorials, and other 
practical problems, it may be very useful to clarify the character of the intellectual relation of 
peoples to biological and aesthetic media at different stages of their development. I would like 
to demonstrate he practical usefulness of our knowledge about CPs with at least one example. 
When people restore memorials destroyed to their very foundations according to the recovered 
elements and their statistics they may restore the patterns and compare them with analogous 
monuments. 
As l have said previously, our classical carpet by itself is sufficient o explain the meaning 
and the significance of symmetry and related concepts. In other words, these patterns may be 
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Fig. 26. Falcons, by Kh. S. Mamedov and I. R. Amiraslanov. 
successfully used for explaining the plane groups of colored symmetry, the periodical packings 
of the plane with self-complementary elements, etc. [20]. 
The significance of the emotional tmosphere during the process of studying and mastering 
the new things and concepts is obvious. Of course, I could not embrace ven superficially all 
problems related to CPs, though I had a great desire todo so. I hope that what I have mentioned 
is quite enough to admit the existence of such interesting phenomena in ornamentalistics. 
Its systematic study by the methods of the exact sciences i of great interest for understanding 
nature and clarifying the basic principles of modern traditionalistic applied art. The importance 
of the latter was expressed by Paul Val6ry in his letter to Le Corbusier: "One ought not even 
to start the search for the purest forms in art without basing it on the examples from the heritage 
of the past." 
Fig. 27. Pigeons, by I. R. Amiraslanov. 
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Fig. 28. Beetles, by Kh. S. Mamedov and I. R. Amiraslanov. 
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